INTRODUCTION
============

Extubation failure and need for reintubation occur in 2-25% of mechanically ventilated patients in the ICU. These rates vary depending on the type of patient and the weaning protocol used.[@B1] In the last decades, several studies have focused on predictors of successful ventilator weaning.[@B2] ^,^ [@B3] More recently, several authors have emphasized the need for better predictors of extubation outcome in patients with neurological injuries.[@B4] ^-^ [@B7] Predictors of extubation success in critically ill neurological patients range from subjective signs to more complex assessments that are mainly based on objective respiratory parameters.[@B2] ^,^ [@B8] ^,^ [@B9] However, there is no consensus regarding the best predictors of successful weaning and extubation in such patients, and results have varied across studies,[@B8] ^,^ [@B10] certain predictors having failed to guide the decision making process. Parameters such as being able to stick out the tongue, having a gag reflex, and being able to follow specific commands have been investigated as more reliable tools to assess the level of consciousness and the ability to protect the airway.[@B4] ^-^ [@B7] ^,^ [@B9] ^,^ [@B11] ^,^ [@B12] However, in a neurological critical care setting, adequate parameters for extubation have yet to be defined.

The objective of the present study was to evaluate the usefulness of simple motor tasks such as hand grasping and tongue protrusion as predictors of extubation failure in critically ill neurological patients. This was done in an attempt to provide simple clinical tools to identify candidates for extubation in the neurological ICU.

METHODS
=======

This was a prospective cohort study conducted in the ICU of *Hospital Cristo Redentor*, in the city of Porto Alegre, Brazil, between October of 2010 and December of 2011. *Hospital Cristo Redentor* is a 290-bed regional referral center for trauma care and neurosurgery, approximately 300 patients being referred to the hospital every day. The ICU is a closed unit comprising 29 beds, care being provided by physicians in routine practice and on duty, as well as by five physiotherapists working during the day shift.

The inclusion criteria were as follows: being an ICU patient; having been on mechanical ventilation for ≥ 24 h; being ≥ 18 years of age; having a neurological disorder or brain injury; and being eligible for weaning. The exclusion criteria were as follows: having a spinal cord injury; having thoracic or abdominal trauma; having a peripheral neuromuscular disorder; and being a patient whose legal guardian(s) or caregiver(s) did not give written informed consent. [Figure 1](#f1){ref-type="fig"} shows a schematic diagram of patient selection. The study was approved by the local research ethics committee and was conducted in accordance with the provisions of the Declaration of Helsinki. Written informed consent was obtained from the legal guardians or caregivers of all participating patients.

Figure 1Schematic diagram of patient selection. MV: mechanical ventilation. \*Patients with a Glasgow Coma Scale score of \< 8.

All participating patients had been on mechanical ventilation (Evita 4; Drägerwerk AG & Co. KGaA, Lübeck, Germany; or Servo-i; MAQUET Holding B.V. & Co. KG, Rastatt, Germany) for ≥ 24 h. The criteria for extubation were as follows: adequate oxygenation (PaO~2~ \> 60 Torr \[8 KPa\]; FiO~2~ \< 0.4; positive end-expiratory pressure \< 6 Torr \[0.8 KPa\], and PaO~2~/FiO~2~ \> 150); cardiovascular stability (HR \< 130 bpm and mean blood pressure \> 60 Torr \[8 KPa\], with minimal or no use of vasopressors); axillary temperature \< 37.5°C; hemoglobin level \> 8 g/dL; Glasgow Coma Scale (GCS) score ≥ 8; normal acid-base balance; and normal electrolyte balance.[@B13] Patients who passed a spontaneous breathing trial (SBT) were extubated. The criteria for a failed SBT were as follows: SaO~2~ \< 90%; RR \> 35 breaths/min; HR \> 130 bpm; a \> 20% decrease or increase in systolic or diastolic blood pressure; diaphoresis; and psychomotor agitation.[@B14] All SBTs were performed with a T-piece, supplemental oxygen, and an FiO~2~ ≤ 0.4 for 30-120 min.

Before weaning, MEP and MIP were measured with a digital manometer (MVD-500, version 1.1; Globalmed, Porto Alegre, Brazil), being defined as the most positive and negative values, respectively, produced by three consecutive respiratory efforts against a unidirectional valve after 30 s of occlusion. All results were recorded on a data collection sheet. The frequency-to-tidal volume ratio (f/V~T~), minute volume, and RR were measured with a spirometer attached to the endotracheal tube (model RM 121; Datex-Ohmeda, Inc., Madison, WI, USA). The GCS score was obtained immediately before the SBT. Given that intubated patients are unable to speak, their verbal response score is 1 (no response). The best motor response was defined as the ability to grasp and release the hand of the examiner on command twice consecutively, a score of 6 indicating the presence of motor response and a score of \< 6 indicating the absence of motor response. In addition, all patients underwent a tongue protrusion test of motor function consisting of sticking out their tongue on command. For patients who were unresponsive to verbal commands, the examiner demonstrated tongue protrusion.

For each patient, information was collected on the following: demographic characteristics; diagnosis at ICU admission; GCS scores at admission and at extubation; Acute Physiology and Chronic Health Evaluation II (APACHE II) score; length of ICU stay (in days); duration of mechanical ventilation (in days); cardiorespiratory variables after 30 or 120 min of spontaneous breathing; and incidence of ventilator-associated pneumonia.

Extubation failure was defined as the need for reintubation within 48 h of extubation. All of the patients who were successfully extubated were monitored throughout their hospital stay (until discharge) for complications requiring reintubation or tracheostomy, as well as for pneumonia and death. The diagnosis of pneumonia was established by a staff physician and was based on the criteria established by the local department of infection control, in accordance with the Brazilian National Health Surveillance Agency criteria and the American Thoracic Society guidelines for the management of adults with ventilator-associated pneumonia.[@B15] ^,^ [@B16]

Continuous variables were expressed as mean and standard deviation or median and interquartile range, whereas categorical variables were expressed as absolute numbers and proportions. Comparisons between groups at baseline were performed with the Student's t-test or the Mann-Whitney U test for continuous variables and the chi-square test or Fisher's exact test for categorical variables. When necessary, the chi-square test was followed by analysis of adjusted residuals. The primary outcome measure was extubation failure or success. The relative risk was calculated as a measure of strength of association between predictive variables and the binary outcomes of interest. Sensitivity, specificity, and likelihood ratios for predicting extubation failure were also calculated. Variables with a value of p \< 0.2 were included in a Poisson regression model in order to compare extubation success and failure rates. Data were analyzed with the Statistical Package for the Social Sciences, version 18.0 (SPSS Inc., Chicago, IL, USA). The significance level was set at p \< 0.05.

RESULTS
=======

A total of 132 patients were included in the analysis. The demographic characteristics, ventilator settings, and clinical parameters are described in [Table 1](#t1){ref-type="table"}. Mean patient age was 47.8 ± 17.1 years, and 71.2% were male. Mean APACHE II score was 18.8 ± 5.41. Median duration of mechanical ventilation was 8 days (interquartile range, 3-11.7 days). As can be seen in [Table 1](#t1){ref-type="table"}, the most common reasons for ICU admission and orotracheal intubation were traumatic brain injury (n = 62), subarachnoid hemorrhage (n = 15), postoperative complications of tumor surgery (n = 8), and hemorrhagic stroke (n = 43).

Table 1Demographic characteristics, ventilator settings, and clinical parameters in a sample of 132 mechanically ventilated patients in the ICU.^a^VariableTotalExtubation successExtubation failurep(n = 132)(n = 90)(n = 42)Age, years47.8 ± 17.0147.7 ± 17.248.2 ± 16.70.875\*Male gender, n (%)61 (72.6)66 (73.3)28 (66.7)0.561^†^APACHE II score18.87 ± 5.4118.2 ± 5.720.4 ± 4.40.024\*GCS score at admission7.77 ± 2.147.94 ± 2.137.40 ± 2.160.79\*GCS score at extubation9.66 ± 1.2910.1 ± 0.958.81 ± 0,52\< 0.001\*Reasons for ICU admission, n (%)0.073^†^SAH15 (11.4)7 (7.8)8 (19)ICH43 (35.6)32 (35.6)15 (35.7)POC of tumor surgery8 (6.1)8 (8.9)0 (0.0)TBI62 (47)43 (47.8)19 (45.2)PEEP, cmH~2~O5.27 ± 0.465.25 ± 0.455.31 ± 0.470.516FiO~2~, %34 ± 0.4934 ± 0.4134 ± 0.630.921\*V~T~, mL522 ± 134533 ± 139499 ± 1220.180\*MV, days^b^8.0 (3-11.75)6 (3-10)11 (6-14)\< 0.001^‡^PSV3.57 ± 3.172.81 ± 2.325.21 ± 4.06\< 0.001\*PCV4.80 ± 3.624.38 ± 3.645.69 ± 3.460.055MIP, cmH~2~O^b^65.5 (46-83)70 (52-87)48 (37-67)\< 0.001^‡^MEP, cmH~2~O^b^59 (44-75)63 (48-83)50 (41-65)0.006^‡^f/V~T~, breaths/min/L^b^45 (34-56)43 (31-53)52.5 (38.8-58)0.038^‡^[^1]

Of the 132 patients included in the analysis, 42 (31.8%) failed extubation and were reintubated within 48 h. When the patients were grouped by GCS score, failure rates were 57.8% in the 8-9 group and 15.7% in the 10-11 group (p \< 0.001). Attempts at extubation failed because of a change in the level of consciousness (in 7%), accumulation of bronchial secretions (in 31%), and inability to maintain airway patency (in 62%). A second attempt at extubation was made in 10 (23.8%) of the 42 patients who failed extubation, 30 (71.43%) of whom underwent tracheostomy and 2 of whom (4.76%) died.

No significant differences were found between the successful extubation group and the failed extubation group regarding hemodynamic variables and arterial blood gases at extubation. The length of ICU stay, the length of hospital stay, and ICU outcomes were significantly different between the successful extubation group and the failed extubation group, as was the incidence of ventilator-associated pneumonia ([Table 2](#t2){ref-type="table"}).

Table 2Extubation outcomes.^a^VariableSuccessFailurep(n = 90)(n = 42)Length of ICU stay, days12 (7-17)17 (14-23)\< 0.001\*Length of hospital stay, days25 (17-30)30 (21-51)0.009\*ICU outcome^b^0.017^†^Discharge84 (93.3)36 (85.7)Death1 (1.1)5 (11.9)^‡^Transfer to another hospital5 (5.6)1 (2.4)Hospital outcome^b^0.015^†^Discharge77 (85.6)28 (66.7)Death4 (4.4)8 (19)^‡^Transfer to another hospital9 (10)6 (14.3)VAP^b^31 (34.4)23 (54.8)0.027^†^[^2]

As can be seen in [Table 3](#t3){ref-type="table"}, there were statistically significant differences between the successful extubation group and the failed extubation group regarding the ability to respond to commands, as assessed by GCS scores and the tongue protrusion test of motor function (p \< 0.001). The patients who were unable to stick out their tongue on command were nine times as likely to fail extubation as were those who were able to do that (relative risk = 9.5; 95% CI: 3.59-25.1; p \< 0.001). Motor response as assessed by GCS scores also showed a high relative risk coefficient, and the patients who were unable to grasp the hand of the examiner on command were three times as likely to fail extubation as were those who were able to do that (relative risk = 3.38; 95% CI: 2.07-5.53; p \< 0.001).

Table 3Motor variables, by extubation outcome.^a^VariableSuccessFailurep\*(n = 90)(n = 42)Best motor response (hand grasping)\< 0.001\< 6 (unable to respond)15 (16.7)25 (59.5)= 6 (able to respond)75 (83.3)17 (40.5)Laterality of motor response0.132Bilateral39 (43.3)10 (25)Right29 (32.2)18 (45)Left22 (24.4)12 (30)Eye opening response\< 0.0014- spontaneous41 (45.6)14 (33.3)3- to speech37 (41.1)^†^8 (19)2- to pain9 (10)17 (40.5)1- no response3 (3.3)3 (7.1)Tongue protrusion test\< 0.001Positive62 (68.9)4 (9.5)Negative28 (31.1)38 (90.5)[^3]

The likelihood ratios for predicting extubation failure were 2.06 for a motor score of \< 6 and 7.35 for the inability to stick out the tongue ([Table 4](#t4){ref-type="table"}). A likelihood ratio \> 1 indicated a progressively higher probability of extubation failure, a motor score of \< 6 indicated a lower probability of extubation failure, and the inability to stick out the tongue on command indicated a moderate probability of extubation failure, being a more specific variable for risk prediction. After a Poisson regression multivariate analysis, only a motor score of \< 6 (relative risk = 1.57; 95% CI: 1.01-2.44; p = 0.045) and the inability to protrude the tongue on command (relative risk = 6.84; 95% CI: 2.49-18.8; p \< 0.001) remained significantly associated with extubation failure.

Table 4Variables predictive of extubation failure, after Poisson correction.VariableSensitivity, %Specificity, %Likelihood ratioRelative risk (95% CI)Best motor response\< 6\*83.359.52.061.57 (1.01-2.44)Tongue protrusion testNegative68.990.57.356.84 (2.49-18.8)[^4]

DISCUSSION
==========

In ICU patients receiving mechanical ventilation, evaluation of predictors of extubation outcome is an important step in the weaning process.[@B3] However, in the neurocritical care setting, the most widely used weaning and extubation parameters are not accurate enough to predict the risk of extubation failure.[@B6] ^,^ [@B7] ^,^ [@B11] ^,^ [@B17] Evidence-based guidelines recommend that extubation be considered after reversal of the underlying cause of respiratory failure.[@B13] However, in patients with neurological injuries, motor and cognitive sequelae can considerably affect their ability to protect the airway, regardless of their ability to maintain spontaneous ventilation.[@B18]

Most studies investigating clinical or mixed populations have reported mean extubation failure rates ranging from 15% to 25%.[@B4] ^,^ [@B19] ^,^ [@B20] The extubation failure rate in our study was 31.2%, which is similar to those reported by Vallverdú et al. (i.e., 35%)[@B9] and Namen et al. (i.e., 38%)[@B21] but higher than those found in populations with a similar profile (i.e., approximately 17%).[@B6] ^,^ [@B11] ^,^ [@B22] Extubation failure rates vary across studies examining weaning and extubation in critically ill neurological patients in whom neurological injury constituted the primary cause of respiratory failure and who were considered for weaning on the basis of predictors established for the general population. This variability reinforces the need for evaluation criteria to define the parameters that are associated with the risk of extubation failure. In our study, extubation failure was found to be associated with a longer ICU stay, a longer hospital stay, a higher incidence of ventilator-associated pneumonia, and a higher mortality rate, a finding that is consistent with those of previous studies.[@B1] ^,^ [@B19] ^,^ [@B22] ^-^ [@B25]

In the present study, there were significant differences between the successful extubation group and the failed extubation group regarding APACHE II scores, MIP values, MEP values, and the rapid shallow breathing index, which was used in order to assess f/V~T~. However, when f/V~T~ and the aforementioned variables were included in the logistic regression model, they were found to be inaccurate in predicting the risk of extubation failure in our population of neurological patients.

Our findings show that, in a population of patients with acute neurological disease, the inability to respond to commands is significantly associated with the probability of extubation failure. In addition, the inability to protrude the tongue, regardless of whether or not the patient was able to grasp the hand of the examiner on command (limb motor response), was associated with a high risk of extubation failure, being an independent predictor of extubation failure.

Although a GCS cut-off score of 8 has been used for risk assessment, verbal response cannot be reliably assessed when an artificial airway is present.[@B26] ^,^ [@B27] In this sense, our findings support the concern that a cut-off score ≥ 8 might not be a reliable parameter, given that mathematical combinations can result in a score of 8 even when the patient is unable to respond to commands.[@B4] ^-^ [@B6]

In a prospective observational cohort study of 122 patients, Mokhlesi et al.[@B28] found that a GCS score of \< 10 was a predictor of extubation failure. Vidotto et al.[@B7] prospectively evaluated 92 patients who had undergone elective craniotomy and found that reintubation was required in 12% of those with a GCS score of 10-11 and in 56% of those with a GCS score of 8-9. These rates are very similar to the extubation failure rates found in the present study for GCS scores of 8-9 and 10-11 (i.e., 15.7% and 57.8%, respectively). In contrast, Coplin et al.,[@B22] evaluating the implications of extubation delay in a cohort of 136 brain-injured patients, found a success rate of 80% for patients with a GCS score ≤ 8 and a success rate of 91% (10 out of 11 patients) for patients with a GCS score ≤ 4, with a significant increase in the incidence of pneumonia, length of ICU stay, and length of hospital stay in patients whose extubation was delayed on the basis of assessment of neurological function. We agree that delayed extubation in patients capable of spontaneous breathing and airway protection increases the risk of infections and the costs of care. However, our findings show that there is an increased risk of extubation failure in patients who are unable to perform simple motor tasks on command.

Salam et al.[@B4] evaluated the ability of 88 clinical patients who had passed an SBT to complete four simple tasks (open eyes, follow with eyes, grasp hand, stick out tongue) before extubation and found that those who were unable to complete all four tasks were four times as likely to require reintubation as were those who completed the four tasks. Frutos-Vivar et al.,[@B20] in a prospective study evaluating the mental status of 900 patients immediately prior to extubation, subjectively defined (by the ability of patients to cooperate) as poor, moderate, or excellent, found no statistically significant difference in poor patient cooperation between patients who were reintubated and those who were not (39% vs. 32%). However, because the ability of patients to cooperate was subjectively evaluated, the methods cannot be reliably reproduced.

In the present study, the ability of patients to respond to commands was determined on the basis of their GCS motor response scores (i.e., their ability to grasp the hand of the examiner) and their ability to protrude their tongue on command. In patients whose motor score was \< 6, the extubation failure rate was 59.6%; in those who were unable to stick out their tongue on command, the extubation failure rate was 90.5%. These findings support concerns about assessing patient mental status with the GCS, given that all of the patients included in the study had GCS scores ≥ 8.[@B4] ^-^ [@B6]

According to Stocchetti et al.,[@B18] neurological patients commonly have cranial nerve deficits and are unable to protect their airway. In cases of traumatic brain injury, subarachnoid hemorrhage, intracerebral hemorrhage, and posterior fossa surgery, as well as in many other neurological disorders, the inability to swallow and to clear airway secretions has a considerable impact on the ability of patients to breathe without assistance, and a simple inspection of the tongue, both at rest and protruded, can aid in identifying cases of loss of airway protective reflexes. However, bedside assessment of tongue protrusion might not be sufficient to determine the risk of dysphagia or aspiration, which can only be assessed by videofluoroscopy. Nevertheless, it is not feasible to perform videofluoroscopy in orotracheally intubated patients, and the findings of the present study show that the inability to stick out the tongue on command is associated with a moderate risk of extubation failure.

Anderson et al.[@B6] evaluated neurological assessment variables and extubation outcomes in patients in a neurocritical care unit and found that the presence of an endotracheal tube, fastening tape, and orolingual edema can prevent patients from protruding their tongue on command and therefore excluded this parameter from their analysis of 378 weaning and extubation processes. In the presence of edema-or if the presence of an endotracheal tube is a major factor limiting tongue protrusion-airway patency and the ability to protect the airway might be impaired, and this impairment has an impact on extubation outcomes. In our study, multivariate regression analysis showed that the inability to protect the airway was significantly associated with extubation failure.

According to Anderson et al.,[@B6] the type of command used is an essential component of the assessment process; eye opening to verbal command and following the examiner with the eyes might be excitatory responses to stimuli rather than volitional events, whereas grasping the hand of the examiner might be a primitive reflex, therefore being inaccurate in evaluating the ability of patients to respond to commands. The ability of patients to perform a simple motor task (i.e., hand grasping) is routinely evaluated in the ICU and was used in our study in order to differentiate between a reflex response and the ability to respond to commands, the test being considered positive when patients were able to grasp and release the hand of the examiner on command twice consecutively.

The inability to follow simple motor commands is predictive of extubation failure in critically ill neurological patients. The best motor response scores on the GCS and a simple bedside assessment of the ability of patients to protrude their tongue can inform clinical decisions regarding extubation. If our results are confirmed in other studies, the aforementioned parameters might be used as quick and easy screening tests to identify critically ill neurological patients who can be successfully extubated.

Study carried out in the Unidade de Terapia Intensiva, Hospital Cristo Redentor, Porto Alegre (RS) Brasil.
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[^1]: APACHE II: Acute Physiology and Chronic Health Evaluation II; GCS: Glasgow Coma Scale; SAH: subarachnoid hemorrhage; ICH: intracerebral hemorrhage; POC: postoperative complication; TBI: traumatic brain injury; PEEP: positive end-expiratory pressure; V~T~: tidal volume; MV: mechanical ventilation; PSV: pressure support ventilation; PCV: pressure-controlled ventilation; and f/V~T~: frequency-to-tidal volume ratio. ^a^Values expressed as mean ± SD, except where otherwise indicated. ^b^Values expressed as median (interquartile range). \*Student's t-test. ^†^Pearson's chi-square test. ^‡^Mann-Whitney U test.

[^2]: VAP: ventilator-associated pneumonia. ^a^Values expressed as median (interquartile range), except where otherwise indicated. ^b^Values expressed as n (%). \*Mann-Whitney U test. ^†^Pearson's chi-square test. ^‡^Analysis of adjusted residuals revealed a statistically significant association (level of significance, 5%). Length of ICU stay, length of hospital stay, mortality, and VAP incidence were significantly higher in the extubation failure group.

[^3]: Values expressed as n (%). \*Pearson's chi-square test. ^†^Analysis of adjusted residuals revealed a statistically significant association (level of significance, 5%).

[^4]: \*The best motor response was defined as the ability to grasp and release the hand of the examiner on command twice consecutively, a score of 6 indicating the presence of motor response and a score of \< 6 indicating the absence of motor response. A likelihood ratio \> 1 indicates a high probability of extubation failure, a motor score of \< 6 indicates a low probability of extubation failure, and a negative tongue protrusion test indicates a moderate probability of extubation failure.
